Abstract. A regular homeomorphism of the Sobolev class W 1,1
Introduction
It has been established in [Sal] that a Q-homeomorphism in R n , n ≥ 2, is in W Given a point z 0 in D, the tangential dilatation of (1.1) with respect to z 0 is the function [Ch] , [GMSV] , [Le] and [RW] . If f is a regular homeomorphism, then for a.e. z ∈ D loc , see, e.g., [MP, 1.2.4] . Note that, if f ∈ ACL, then f has partial derivatives f x and f y a.e. and, for a sense-
On ring Q-homeomorphisms
Recall that, given a family of paths Γ in C, a Borel function ρ :
Given a domain D and two sets E and
Recall that a ring domain, or shortly a ring in C, is a domain R whose complement C \ R consists of two components.
Motivated by the ring definition of quasiconformality in [Ge] , the following notion
for every ring 
where
where q z 0 (r) is the mean value of Q(z) over the circle |z − z 0 | = r.
Note that the infimum from the right hand side in (2.3) holds for the function
.
The main results Theorem 3.1. Let f : D → C be a regular homeomorphism. Then f is a ring Q-homeomorphisms at a point
Proof. Without loss of generality, we may assume that z 0 = 0 ∈ D. Consider the ring R = {z ∈ C : r 1 < |z| < r 2 }. Then there is a conformal map h mapping the ring f R onto a ring R * = {w : 1 < |w| < L}. Let Γ * be the family of paths joining boundary components |w| = 1 and |w| = L of the ring R * . Then, in view of conformal invariantnce of modulus, M (Γ * ) = M (Γ), where Γ is the family of all path joining the boundary components of the ring f R . Thus,
Denote by C r , r 1 < r < r 2 , circles {z :
loc (R), and hence g is a.e. differentiable and absolutely continuous on C r for a.e. r ∈ (r 1 , r 2 ). The latter follows from the invariance of the class W 1,1 loc under locally quasi-isometric transformations of coordinates, see, e.g., [Ma, 1.1.7] . Note that
where w = u + iv, J g is the Jacobian of g, see, e.g., [LV, Lemma III.3.3] . Now, we have
for a.e. r ∈ (r 1 , r 2 ) and applying the Schwarz inequality, see, e.g., [BB, Theorem I.4] , we obtain that
Setting, see (1.4),
and, integrating the both sides of the inequality (3.2) over r ∈ (r 1 , r 2 ), we see that . Finally, applying Lemma 2.1, we obtain the conclusion of the theorem. Thus, the theory of ring Q-homeomorphisms can be applied to regular homeomorphisms of the Sobolev class W 1,1 loc in the plane, see, e.g., [MRSY, Chapter 7] .
